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Snowmass Process EF03 Meeting 11/6/20

Announcement: The LCC Physics Working Group will soon publish a document called
“ILC Study Questions to Snowmass 2021
This document will be circulated among the conveners and made public on the arxiv
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Energy: 0.1 -1 TeV

Electron (and positron)
polarisation
TDR in 2013
+ DBD for detectors
Footprint 31 km

Initial Energy 250 GeV — Footprint ~20km

Under discussion in Japanese Gouvernment and inernational community

Energy: 0.4 -3 TeV
CDR in 2012
Footprint 48km

Initial Energy 380 GeV

ain bearn

Possible future project of CERN
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Linear colliders physics program %mz%
Iégsb;m;ci?‘iirse de Physique Les deux infinis
New Physics
ee->ZH top-continuum
e
m, 2xmW tt-threshold tth and ZHH threshold 1 TeV

> /10% cm2s™

0.6 0.7 1.0 1.8 3.8

All Standard Model particles within reach of planned linear colliders

High precision tests of Standard Model over wide range to detect onset of New Physics

Machine settings can be “tailored” for specific processes
*Centre-of-Mass energy

*‘Beam polarisation (straightforward at linear colliders)

opp = i (1— PP')(orr+0orL) + (P — P)(orL — oLR)]

Background free searches for BSM through; beam:polarisation
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EBlackron Muon Tau

9
Rlys =
L0 0
sh=pial
Lﬂig 50 [~

N

o
Elementary Scalar* Composite object?

- Higgs and top quark are intimately coupled!
Top Yukawa coupling O(1) ! h
=> Top mass important SM Parameter ( )

- New physics by compositeness? A I A I
Higgs and top composite objects? /A\
| | | | tL t
- e+e- collider perfectly suited to decipher both particles Courtesy of S. Rychkov
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Anomalies in LEP/SLD data
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Most precise single Individual determination of sin®6%; from SLC
* Left-right asymmetry of leptons

 Most precise measurement of sin*6%; from forward
backward asymmetry A% in ee—bb at LEP

* Most precise determinations of sin®0%g differ
significantly
* Requires verification
* Heavy quark effect, effect on all quarks/fermions, no effect
at all?

EFO03 Meetingf 5
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Differential cross sections for (relativistic) di-fermion production®;

do

(eref — ff) =3rr(l+cosh)® + Xpr(1 — cos )

d cos 6
do 2
(egef — ff) = Xrr(1+ cosh)* + Xgrr(1 — cosb)
d cos 6
- f *add term ~sin°@ in case of non-relativistic fermions e.g. top close to threshold

e

2  are helicity amplitudes that contain couplings g, g, (or F , F)
Z, J 72 ) J' => (characteristic) asymmetries for each fermion

Forward-backward in angle, general left-right in cross section
All four helicity amplitudes for all fermions only available with polarised beams

Here we focus on tt, bb and cc pair production

Roman Poschl
LCWS 2019




W) Cup Cross sections
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Elements of top quark reconstruction

Three different final states:

1) Fully hadronic (46.2%) — 6 jets

2) Semi leptonic (43.5%) — 4 jets + 1 charged lepton and a neutrino
3) Fully leptonic (10.3%) — 2 jets + 4 leptons

t — (BW)(BW) — (bgq’)(bv)

lepton ID isoffted ipton
tracking

missing energy

A\
R @®
/I\

Final state reconstruction uses all detector aspects

Results shown in the following are based on full simulation of LC Detectors
EF03 Meetingf
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IP

PhD thesis: S. Bilokin
A. Irles

W) Cop Experimental challenges - Flavor tagging and charge measurment %

IN2P3

Les deux infinis

* Flavor tagging
* Indispensable for analyses with final state quarks

* Quark charge measurement
*Important for top quark studies,
* indispensable for ee->bb, cc, ss, ...

* Control of migrations:
* Correct measurement of vertex charge
* Kaon identification by dE/dx (and more)

* Future detectors can base the entire measurements on
double Tagging and vertex charge
* LEP/SLC had to include single tags and
Semi-leptonic events

EF03 Meetingf 9
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e"e” — bb: 250 GeV
e'e’ — qq (q=udsch, E <35 GeV) ||_ D
§100"'|"'|"'|"'|"'—|_':
E; 90 + bfag:}o's& ﬁs\au::.\.rt:va|:“25 GeV
5 —F— b, >0.88 f___ [>25 GeV & Vix-method
T b,,>0-8& B__ [>25 GeV & K-method
70
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40F
30F TeTemee \
20F
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lcos6, |

* Individual efficiency for correct
b-tag and charge measurements
using Vtx and Kaon charge

* Final efficiency ~20%

from combination of Vix and Kaon charge

in different/same jets

Typical efficiencies

e ep — tt at 500 GeV

General selection cuts IDR-L | IDR-S
Isolated Lepton 92.1% | 92.1%
btag, > 0.8 or btags > 0.3 81.2% | 81.1%
Thrust < 0.9 81.2% | 81.1%
Hadronic mass 78.2% | T8.2%
Reconstructed my, and m; | 73.4% | 73.4%

t quark pr:nlar angle spectrum

yhad. 4 B~ 94 62.2% | 61.8%
w‘f 34.5% | 33.9%
“tt identification” 30.6% | 30.2%
b quark polar angle spectrum
No additional cuts
eper — tt at 500 GeV
(General selection cuts IDR-L | IDR-S
Isolated Lepton 94.1% | 94.0%
btag, > 0.8 or btagz > 0.3 84.9% | 84.8%
Thrust < 0.9 84.9% | 84.8%
Hadronic mass 82.2% | 82.3%
Reconstructed myy and m; | 77.6% | 77.5%
_mek_uola.r'_angl&ﬂ:mtmn
et 4yt > 2.4 64.1% | 64.1%
b quark polar angle spectrum
Viz+Vix 10.8% | 10.3%

EF03 Meetingf
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Total cross section
* Typical efficiency 75%
* Independent of

beam polarisation

Differential cross section

* Note, difference for different
beam polarisations
* Left hand polarisation
more vulnerable to migrations
* Requires information
from hadronic final state
* Vitx, Kaon as in bb-case

10
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Top pair production at threshold

%mm
Les deux infinis

Small size of ttbar “bound state” at threshold ideal premise for precision physics

: - 14—
Cross section around thres_hold IS 8 | tithreshold - 15 mass 174 Gev :
affected by several properties C 1.2 ---TOPPIKNNLO - ISR only .
S y
of the top quark and by QCD B L CLIC350LSonly — CLIC350LS+ISR |
. . 3 ¢ Y1 Qs E
* Top mass, width Yukawa coupling 0 0.8 ’('?’ --------- & E
o t Ve 1
T i

* Strong coupling constant

o
~

O
\V)

-
-------
"""""""""
.............
ALl
e

CLIC
|

llJlI|II

I

345

350

355

\'s [GeV]

* Effects of some parameters are correlated:
* Dependence on Yukawa coupling rather weak,
- Precise external a_helps

F. Simon, Top@LC15 Valencia EF03 Meetingf 11
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cross section [pb]
o R =
e RN n oo =~

&
M

0.1

I L L
~ fi threshold - Beneke et al. NNNLO - p = 80 GeV
ISR + ILC LS, mass fit incl. scale uncertainties

— default - m.® 171.5 GeV

— best fit template, m’ - 171.45 GeV

—-—mass varations + 0.2 GeV = __ sz T e

preliminary
based on CLIC/ILC Top Study
EPJ C73, 2530 (2013)

IIII|IIII|IIII|IIII|IIII' I'-JII|IIII

345

3|5[]'
/s [GeV]

Fit uncertainty:
28.5 MeV (18 MeV stat)

Scale uncertainty:
40 MeV

cross section [pb]
i e e
e’ REN N oo ~J

o
o

0.1

L L
ff threshold - Beneke et al. NNNLO - u = 80 GeV

ISR + CLIC LS, mass fit incl. scale uncerntainties

— default - m{° 171.5 GeV

— best fit template, m’ > 171.45 GeV
e mass variations + 0.2 GeV

prellminary
based on CLIC/ILC Top Study
EPJ CT73, 2530 (2013)

345 390

CLIC s [GeV]

Fit uncertainty:
31 MeV (21 MeV stat)

Scale uncertainty:
42 MeV

EF03 Meetingf

Top pair production at threshold
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L ) L L L B
i threshold - Beneke et al. NNNLO - u = 80 GeV

ISR + FCCee LS, mass fit incl. scale uncertainties

— default - m® 171.5 GeV

— best fittemplate, m’ - 171.45 GeV

T mass variations = 0.2 GeV

prellminary
based on CLIC/ILC Top Study
EPJ C73, 2530 (2013)

340 345 350
S
FCC-ee

‘E_j
©
®
=

Fit uncertainty:
27 MeV (15 MeV stat)

Scale uncertainty:

40 MeV
12
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Sensitivity and error breakdown

. 40 — | | | | | | | | | | Februélw-?@
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error source Am!> [MeV]
stat. error (200 fb~!) 13
theory (NNNLO scale variations, PS scheme) 40
parametric (g, current WA) 35
non-resonant contributions (such as single top) < 40
residual background / selection efficiency 10 — 20
luminosity spectrum uncertainty < 10
beam energy uncertainty < 17
combined theory & parametric 30 — 50
combined experimental & backgrounds 25 - 50
total (stat. + syst.) 40 — 75

* Detailed evaluation of systematic uncertainties

* Multi-parameter fits (mass, width, as, yt), scan optimization...

EF03 Meetingf
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Sensitivity and error breakdown

IN2P3
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_ _ , CINS energy CLIC, /s = 380 GeV |ILC, /s = 500 GeV
* A new(er) idea to measure the top mass in a theoretically
. . . _ luminosity [fb~']| 500 1000 500 4000
well-defined scheme in high-energy running above the |
H hold statistical 140 MeV  90MeV  |350 MeV 110 MeV
thr
esho theory 46 MeV 55 MeV
(‘f t __ lum. spectrum 20 MeV 20 MeV
photon response 16 MeV 85 MeV
total 150 MeV 110 MeV |360 MeV 150 MeV
(: matched NNLO + NNLL calculation, luminosity
spectrum folded in explicitly;
Extraction of short distance MSR mass - e —
D, - = e'e  tly, ILC, (=500 GeV
. SRR &, gtE P ' ' 5175 -
%400 e'e = tty, CLIC, Vs=380 GeV % [ e'e ﬁ,],‘ ILC, (s=500 GeV . . :
L e ¥i T L can provide 50leV|dence i
300 | . ; | for scale evolution o
: { Paeudosxperiments : } Pagudoeperiments (urunnlngu) g_,‘l 70 L |
200 |- [ smore 1o rommy 1 1000 |- [ st emveope: -1 assow of the top quark MSR [ Fta
; s mass from ILC500 |
Saait ] 500 - |  data alone fe5L
| — Prediction (R-evolution)
L P I R T T N NN TR T T TR NN N
Rt GG L i B P SR U (A S I T S 0 50 100 150
340 350 360 370 350 400 450 leetingf R [GeV]
\'s' [GeV] \'s' [GeV] '
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x10° x10°
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» [ eet—tt @500GeV & % 35 €Rel— tt @ 500GeV N

= i § = . . . AN

-'E' -~ —— LO EW matrix element - Whizard 1.95 dej 8 "E' -~ LO EW matrix element - Whizard 195j J

w 200 4 pRL - \ w 30C —pRL N

- % IDR-S I*I:a \ o5 [ " IDR-S \

150 ‘ 1 Semi-leptonic ,4t \
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R N n (,‘,'ir"'ﬂ‘ N
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S N ;‘:—ﬂ"ﬂ’v N

\ \ 5 N
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coset coset

* Integrated Luminosity 4 fb™

* Exact reproduction of generated spectra
 Statistical precision on cross section: ~0.1%
« Statistical precisionon A_: ~0.5%

* Can expect that systematic errors will match statistical precision (but needs to be shown)

EFO03 Meetingf 15
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Arxiv:1709.04289, ILD Paper in progress

g400[}0_—*'[[[ITT]]TI]IIIITII[ITT]TIIIIIT'[I[1ITT-1—_ g LA IO AL LANLINLAN HNLANLANL N L L L L L BN B
- = ) _ . = o 6000f— _ ., _ P =
= - e e;— bb @ 250GeV, 250 fb’ = - - ege;— bb @ 250GeV, 250 fb 5
g 350001 : g F A
E E —— signal + charge corr. E E 5000__ ——— signal + charge corr. =
30000~ ——— signal + ch. corr. + accep. corr. s B —&— signal + ch. corr. + accep. corr. e
E— fit ~ E fit - .

25000 :_ parton level _: 4000 - parton level tzﬂd —
20000 3 - 3000 A =

- [‘: o) - 3 ]

e = 5 L3 ~ i

15000— o ;_% iy 2

i 5 2000—" —

10000 ] : :

|— — [ vy —

B i 1000 —
5000M ] B 2

G_—I b Vil o | | i e | I i ppe e | | | i el | | By el ¢ | A R | I | ey B y Pl P | B | I: G_I | | /! | | | e | I | PP e | | I P | | B e | | I Y | I | Dt B! | I_

-1 -08 06 -04 -02 0 02 04 06 038 1 -1 08 06 -04 02 0 02 04 1

cos8, cos8,

* Full simulation study (with ILD concept), Benchmark reaction
« Long lever arm in cos B, to extract from factors or couplings

* Note that the precision will reach the per-mill level -> requires full control over detector performance
* Background can be reduced to a negligible level (see backup) but requires careful treatment of e.g. radiative

return events
* Discussion of all experimental aspects deserves dedicated talk!!!

EF03 Meetingf 16
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On the Z-pole Above the Z-pole

2'Z21Z7Y
o f
» Sensitivity to Z/Z' mixing * Sensitivity to interference effects of Z and photon!!
» Sensitivity to vector (and tensor) * Measured couplings of photon and Z can be influenced
couplings of the Z by new physics effects
*the photon does not “disturb” * Interpretation of result is greatly supported by precise input
from Z pole

More on ILC GigaZ Program in EF04 Meeting on Friday 19/6/20
EFO03 Meetingf 17



Cub

Iréne Joliot-Curie
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Precision on electroweak form factors and couplings

Arxiv:1709.04289, ILD Paper in progress

* e+e- collider way superior to LHC (Vs = 14 TeV)

- ILC, Vs=500 GeV, L=3200 fb™ (preliminary)

LEP+HL-LHC-S2
arxiv:1907.10619

FCC-ee, Vs=365 GeV, L=2400 fb™
arxiv:1503.01325

ete™ = tt

V4 V4
F:V F1 v |:1A FY

*Also possible at LC => Redundancy

* 500 GeV is nicely away from QCD Matching regime

x 10¢ ] g I
s ILD Preliminary L
5 {L [ ILC250,2000 beTe T — bb >
> - ILC GigaZ E -
T - [ LEP1 - -
E B - I 10‘15—
T10 e 3 E
i 1 0oL
10° = E :
] ] 10°
10°° :
Ly, LR L, A :
Couplings are order of magnitude better than at LEP 10%
LeZLbZ LeZ'LbZ' ,
LeLb = QeQb + —— - W Z+ Z v BWZ * Final state analysis at FCCee
v v ¥ ‘1} * Two remarks:
ILC250 SM GigaZ New resonances

* Less systematic uncertainties
* Axial form factors are ~ and benefit therefore from higher energies

Full disentangling of helicity structure for all fermions only possible with polarised beams!!

EF03 Meetingf
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From cross section From forward-backward asymmetry
@UQ- 02 B 1EP1+SLD.R,916GeV,~02nb" 202 B L:P1, A 91.6GeV,~02nb"
[T 1LC, 0y4(bb), 250 GeV, 1 ab” “ [ m™c,A® F,Be- er,250 GeV, 1 ab’!
_ [ 1ILC, 0, (tD), 500 GeV, 2 ab’ _ (I wc. Azﬂ{% 500 GeV, 2 ab’

-0.2
-02 0 02

C(l)

Q
* Measurement of bottom and top observables delivers complementary information for EFT operators
« ILC@250 GeV comparable to LEP in terms of cross section => Constrainon g,,

« ILC@250 GeV drastically better than LEP in terms of AFB => Constrain on g,
* How would the picture look with GigaZ precisions?

arxiv:1907.10619 EF03 Meetingf 19
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—10?
>

)
=10
Hal [
U<
~—~—— ]
=]

. LEP/SLC + LHC Run 2

107!

[ AR

1072

107

Electroweak top couplings EFT-operators

. + HL-LHC 51

Ca €, Cy Cw Ca

. + HL-LHC 52

. + ILC250 .+ ILCS500

s
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arxiv:1907.10619

Mapping between FF and EFT Coefficients

1 2.2 2
z _ 41— 3% my 1 V _ ~(33) 1(33) _ ~3(33)
iy = SWCW A2 2syew [CW — Cu::-u + (Cwq CW }} !
1 2
z . T1 Ty 1 A _ ~(33) _ r1(33) _ ~3(33)
Fia = SWeW A2 2swew {CW - Cwu (C’W CLP';‘ )] !

m? 33 33
Ffy =475 [Cl; = Re{cy CSY) — sh CF Y swew]

2
Tt [C{:g = Im{c}, Cy) — sy C.%}/ Swﬂw} :

arxiv:1807.02121

* Translation of results into EFT language confirm superiority of e+e- w.r.t. LHC
* Several operators benefit already from 250 GeV running

* Top specific operators constrained by running at 500 GeV

EF03 Meetingf
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arxiv:2002.05805
8 : LI | LI | L | | | L | Ealzzl L LI | | LI I-Q: E 22000 :-I- LI | T | L | T T | L | T T I [ r | LI .I_t;
E 45000 :_ " . =] 'D. : . g :
" - ILD Preliminary o 2 20000, LD Preliminary o
£ 40000 e 5 E i
o S i S 18000f —— s e P
35000 Lg A —p\;Uhizs;rd 1.95 $ - 1600 s (o e S i e o
- : " g-":'-... . 0 [ - LO EW matrix element - Whizard 1.95 :P' -
30000 010 o N : “ fitto LO B
= o _: 14000 — & =
- = - >
25000 -~ B 12000 o =
- :ﬁ:“ . E ﬂﬁ: 4
E p,:ﬂ' ] 6000~ = —
10000 — o~ - i 7
- o~ = 4000~ o =
5000 M NN \ - e~ 2
SRR NI T S e — o0} > 05, 250GeV, 250"
_1 _ﬂ 8 _0.6 _0-4 _0.2 D 0-2 D.4 D-a ﬂ.a ‘I _ﬁhn- | | | | | | L1 1 | L1 1 | L1 1 | i1 | | I | | L1 | | L1 I_
o 07 08 06 04 02 0 02 04 06 08 !
m [+

Full simulation study (with ILD concept)
Long lever arm in cos 6_to extract from factors or couplings

EFO03 Meetingf 21



‘bJCLab Why lighter quarks? — e.g. GUT Inspired Grand Higgs Unification Model
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ee’>cc . . eet— T . . aI‘XIV2006 02 1 57
| e | « Model parameter is Hosotani angle 6,
- SM L ATy 001 dl T T ] . n [} [
Z3 o 2 o yielding the Higgs-Potential as consequence
s 4 —— GHUU X . . .
P g ~ o0 of Aharanov-Bohm Phase in 5" dimension
Lol s GHU (®) S 00
_ 3 . .
e % * Model defined in Randall-Sundrum warped
L R o000 e extra dimensions
. __ EmEa ] . * KK excitations of gauge bosons and new bosons
¢ 0.000 T : . .
4 o e Q'O'OOSI ‘ {HHH modify fermion couplings
-E_ g SM (R) "0" ] § -0.010¢} | Lodesbe= : (E) ]
3] —me r IS o " * Predictions for ILC
5 - -0.020f em_=13TeVand 8, =0.1
F-o02sf KK H
1 ~05 0.0 0.5 e S 0.0 0.5 1.0 C o
- o * Deviations from SM of the order of a few %
| e | .. ix.... N * Effects measurable already at 250 GeV
L — gee ol [ TT4HLJ ----- | * Effects amplified by beam polarisations
il P : g o * Effects for tt, bb and cc (and other light fermions)
SO6E iy o5 -0.04Ps === (& 1
_§ e GHUW) -3 — x"“hh ...._______: ..... (R) :
§% —mawm B g * One concrete example for importance to measure
T -008f TNl 1 . .
R T e full pattern of fermion couplings
- -0.10- : : . . . . .
L0 e e W h= 10 elisgFyll pattern only available with beam polarisatiore
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Development of EFT Operators
arxiv:1807.02121

T +fﬁi
107t i il
]_ﬂ'l R
1P
(T
WA ete™ =t — bW+ bW~ LO |
P[:E'+7E'_J = (+30%: _80%)
lﬁ_3 1 | I 1 1 I | 1
200 1000 3000
Vs [GeV]

Wt
-2 ete = ti— dbW+bW—,LO T
P(et,e™) = (—30%, +80%)
10_3 | 1 1 1 1 | 1
500 1000 3000
Vs [GeV]

Increased sensitivity to operators
representing four-fermion interactions

Effects at higher energies

IN2P3
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GUT Inspired GHU Model

e et- cc

0.8
2 0.6 | N e
s "oy
o 1 — GHU@U) N, g
@ : \ y
‘EQ 0.2 E - GHU {L] \\‘--‘,,

i GHU (R)
0.0 . . | | |
0 500 1000 1500 2000 2500 3000
Vs [GeV]

B vt ¢
2 08 8 e ey ML
02 e Gi )
0.IH ... GHU (R)
0.0— - - - - -
500 1000 1500 2000 2500 3000
Vs [GeV]
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0
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* Effects amplified at

higher energies

* Different patterns for

different beam polarisations
(L, U, R)

* Different patterns

for different fermions
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* Linear colliders are ideally suited for precision measurements of two-fermion final states

IN2P3

Les deux infinis

* Measurement of top mass to a precision of ~50 MeV in clean environment
* Flexibility in energy allow for complementary methods
* Threshold scan and radiative events
* Watch our for new ideas later today

* Linear colliders will have the answer whether new physics acts on heavy doublet (t,b) only or on all fermions

* Will/would proble helicity structure of electroweak fermion couplings over at least one order of
magnitude in energy (Z-Pole -> ~1 TeV)

* Achievable experimental precisions ~0.1 - 1%

* Effects may become already visible at 250 GeV stage for b quark and ¢ quarks (and other light fermions)
* Amplification of effects at higher energies

* Clear and unique pattern thanks to polarised beams

* Active phenomenological studies in terms of global analyses (EFT) and concrete models

* Main challenge at future machines will be the control of systematic errors
* Experimentally

* Vertex charge and particle 1D
* PFO for final state jets

* Theoretically (not discussed)
* Need at least NLO electroweak predictions (and MC programs) for correctjipterpretation of results 24



Backup



WCub Detector requirements
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e+e- detector concepts for linear colliders
Preferred solution Particle Flow Detectors

CLIC Detector

%

12.8 m

B=5T B=3.5T

Highly granular calorimeters
Central tracking with silicon Central tracking with TPC

Inner tracking with silicon

EFO03 Meetingf 26



WCub Detector requirements
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Track momentum: o,,, < 5x 10°/GeV (1/10 x LEP)
(e.g. Measurement of Z boson mass in Higgs Recoil)

Impact parameter: o, < [5® 10/(p[GeV]sin*?8)] um (1/3 x SLD)
(Quark tagging c/b)

Jet energy resolution : dE/E = 0.3/(E(GeV))V2 (1/2 x LEP)
(W/Z masses with jets)

Hermeticity : 0_.. = 5 mrad
(for events with missing energy e.g. SUSY)

Final state will comprise events with a large number of
charged tracks and jets(6+)

e High granularity
e Excellent momentum measurement
e High separation power for particles

Particle Flow Detectors
Detector Concepts: ILD, SiD and CLICdp
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h ASED Top pair production at threshold
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“Bound states” at tt threshold
Hydrogen atom of strong interaction

08— .

0.6

5 04]

02,

M —

0956 338 340 342 344
Vs (GeV)
- Size O(10""m), smallest non-elementary object known in particle physics

Small scale => Free of confinement effects => Ideal premise for precision calculations
Measurement of (a hypothetical) 1°S , State

- Decay of top quark smears out resonar%ggzs,\jget%gwell defined way o8



‘."JJchab Precision on couplings and helicity amplitudes and physics reach
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Example b-couplings (same observation for c-couplings, arxiv:2002.05805)
10

102

S ILD | " B oo
— — - 1 — RS B Djouadi et al., arxiv:hep-ph/0610173
- - Preliminary - s T
= i y | g B - Hosotani et al., arXiv:1705.05282
> -1 L
17 1 — - ILC250’ 2000 fb R g N Peskin, Yoon 4, arXiv:1811.07877
> = ILC GigaZ - g . .
n LEP1 7 & B Peskin, Yoon 5, arXiv:1811.07877
+ b : g S
IS 2 - i g
107 £ E 5 oF
1072 | I E ] “
-3 1
1 O Z Pole Qe b
Ly, LR Ay AR Ly Ry

Impresswe senS|t|V|ty to new physms in

Couplings are Order of magnitude better than at LEP Randall Sundrum Models with warped extra dimensions

*In particular right handed couplings are much

better constrained * Complete tests only possible at LC
* Discovery reach O(10 TeV)@250 GeV
New physics can also influence the Zee vertex and O(20 TeV)@500 GeV

*in 'non top-philic' models

. . L . Pole measurements critical input
Full disentangling of helicity structure for all fermions EE03 Meetin :
only possible with polarised beams!! eetindOnly poorly constrained by LEP 29
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ee -->ss. SLD Analysis at Z Pole

neg. polarization pos. polarization

120 - 120 -
® data (1993-8)

ud bkg.

Lo T B cbbke. « Extend the heavy quark analyses to light quarks to get full picture

% ‘ 80 ‘+ * Optimise vertexing and particle ID (i.e .Kaon ID
~ + with full simulation studies

60 60

number of entries

el I

rara AT T .
b, 3 R e el T

A b i S
o R S H LR 0 S S o o S S S S S S S S S
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Beam polarisation and disentangling

With two beam polarisation configurations

> <
P(e™) = +80% P(e*) = F30%

There exist a number of observables sensitive to chiral structure, e.g.

N(cosf > 0) — N(cosf < 0) (Oer)r

o Abp = Fg)y = -2

I FB.L™ N(cosf > 0) + N(cosf < 0) (Fr)1 o1
x-section Forward backward asymmetry Fraction of right handed top quarks

<
Extraction of relevant unknowns

Ffv: Flea P?A =0, F1ZA

or equivalently QE; Q%; QE: Q}Z%
F)., . FZ
2V £ 2V

EF03 Meetingf
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@
Wb b
S LEP Anomaly on App @'!“2'13
. AP
~30 in heavy quark observable /1 g B ee->bb@250 GeV
S A
: ; dolL/dcosOb doR/dcosOb
Ab | . | (o] 3 _ oR/dcos
i E 4 7F
0,c : I d I
1 . L _
Agi : 5 5 I |
Arg - ¢ * 5
Re| i —® ) | A
Rl e | o
s 5 5 i 1 2]
" " " i ‘1 f
* Is tension due to underestimation of errors or ¢ BT e
due to new physics? 107505025 0 025 05075 1 "1 975-05-025 0 025 0.5 075 1
cosOb cosOb
* High precision e+e- collider will give final word on anomaly Randall Sundrum Models Djouadi/Richard ‘06

* In case it will persist polarised beams will allow for discrimination between effects on left and
right handed couplings (Remember Zb;b; is protected by cross section)

* Note that also B-Factories report on anomalies =ro3 veeting 32
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Beam spot size

|
FCCee ILC‘ SLC LEP

o [nm] 13700 516‘1500 200000
|
oy[nm] 36 7.7 1500 2500

Source SLC, LEP, PDG

LEP >> SLC >> ILC



W) Cop ee-->bb - Signal and background
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Arxiv:1709.04289, ILD Paper in progress

18 103 ell_e}l:rﬁ bB(JL:QSO{b?) LD ><|‘I IOII3 LIL Ieﬁleil_l) bIB{: JI-L=:??C|]fb:)| I LI LI | LD
T ARSI AL L L L L L L IO L OO g N I. I..I | I | [ | i
© - Selection Efficiency 7 S i Selection Efficiency ]
© 16 e'e"— bb (K <35 GeV) : 18.8% II;_ = ,50 e'e’— bb (K <35 GeV) : 18.5% -
% 14 :_Backgroundfsignal _: g . [~ Background / Signal ]
-'E' B - e'e’— qq (g=udsc, K >35 GeV) : 1.7% ] "E' i - e'e’— qq (g=udsc, K >35 GeV) : 2.3% i
W 12 - 7] otvers: 0.30% u W 2 - 772 others: 0.68% B
tof- : b :
o : | z
61 - 1 -
sF : : :
- = 0.5 .
2 | 3 - :
L ] -l | | I | Sl -

0 o L Lo L Lo Ll e b Jommm ] 0
1 -08-06-04-02 0 02 04 06 08 1 -1 -08-06-04-02 0 02 04 06 08 1
cos6, cos6,

* Background levels can be kept at very small level
* However, these type of analyses seek per-mille level precision
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5000

4000

3000

2000

1000

5000

4000

3000 F

2000

1000

ee-->bb — Signal and background

L] IIIII:III IIIIIIIIIIIIIII

—e€gel

—e ey

— Reconstructed
--*Generator - Whizard

1
—

0.5

" cos(0

too

—r

—€ge[

[ —ee;

— Reconstructed with cut on y?
- - SM Background
---Generator - Whizard

Ambiguities in case of
left handed electron beams

Due to V-A structure at ttX vertex

Precise reconstruction of Gtop

-

in case of right handed electron beams

Remedy to address ambiguities:

Select cleanly reconstructed

events by x? analysis

or

Reconstruction of b quark charge

Precise reconstruction for both
beam polarisations

- Efficiency Penalty for e
-€ 1 e.~90%, e ~30%

Results:

Pe—, Per | (00/0)stat. [%] | (0A% 5/ A% B)stat. [%0]
~0.8,10.3 0.47 1.8
$0.8,—0.3 0.63 13

EF03 Meetingf
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arxiv:1505.06020

35



"DJCLab A . at GigaZ?

Iréne Jollot Curie

%mm
Les deux infinis

(0+++0—+—04-—0——)(—04+ +0—y —04—+0_—)
(C+++0—y+04—+0__)(—0O44++0—4+04— —0__)

Labor de Phys
d2|f ysique

Blondel scheme: ALR —

’ 201..
[ T e SN (SN W SO OO SN S Blondel scheme independent of polarimeter precision
é i : : 5 : —0 8 1
16 ; -
A Moen/g Snowmass 01 : * Assumes perfect spin flip for polarised beams
ol A Exactly 109 e I * Residuals must be monitored by polarimeter
12 A AR R - Residual uncertainty of AA _ = 0.5x10" seems possible
i e See alse TES’-A TDR 1 » The more positron polarisation the better (see backup)
L\ amiv: hep-ph/ 050770 77 t o4 - Don't forget energy dependency (dALR/dNs ~2x10°%/MeV)

Precision AALR = 1x10* is a realistic assumption for GigaZ

“ = |6sin?0%; ~ 1.3-107°
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Precise measurement of sin29£ﬂc_

s E B '.c/cigaz
8 N *Ten times better than LEP/SLD and competitive with FCC
5 oL B episic
- FeC *Polarisation compensates for ~30 times luminosity
102 ee ....and A _ at LC can benefit from hadronic Z decays
102 ;_ *No assumption on lepton universality at LC
o L Complete test of lepton universality
S *Precisions of order 0.05%
107 ;— '
= Note excellent measurement of quark asymmetries
T *See above for ee->bb at 250 GeV
10 ALr SinZE)'eff A, Ro Ac Rc I Ae Ay A
Attention
stat. error
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< 10
g T IILC/GigaZ
s L
(]
E L
-
L ILEP/SLC
107 ==
1072 ==
o g I,
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W) C.b Rates and asymmetries
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Partial fermion width:

Ny (9%)2 + (9?’ ’ Sensitive to sum of coupling constants
— = —— 7 . . . .
Niad Zizl (g )2 + (gf)Q] Available at linear and circular colliders

Ry

Left-right asymmetry:

1 o7 -0 (gL 2 _ (gR 2 Direct sensitivity to Zee vertex
Arp = E = Ae = J_; 5 “; ; ~1— 4sin? Qﬁff_ Only available at linear colliders due to beam polarisation
Pess.lor+or (9:)% + (9:°) Circular colliders need auxiliary measurement
eg. P ~A

Forward-backward asymmetry:

f O —O0pRB 3 “Classical” observable to study P-violating effects in ee->ff
AFB — or+ o — Z-Ae-Af for P. = 0. Available at circular and linear colliders
3 B Without beam polarisation interpretation is always model dependent

Left-right-forward-backward asymmetry:

3 Combination of asymmetries above
At _(or—oB)L—(0F —0B)R =S A, Only available linear colliders due to beam polarisation

FB,LR ~— (JF 4+ JB)L + (gL + J!)R B 4 Direct and model independent measurement of A,
EFO03 Meetingf 39
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Helicity amplitudes can be analysed in several ways (not mutually exclusive):

Obliqgue Parameters W, Z:

9297 s
eifi — Q7 + SASE . + —5 1 W Y
ety = Qe; sin® Oy cos2 @y s — MZ +ilzMz — m3, 7 il )
Contact interactions with e.g. compositeness scale A:
Z Z 5
geig j S contac
Qe.f, = QIQ} + x 4 Jeontact

SiIl2 QW cos? 9W S — M% +1iI'y M5 2A2 Neif;

New propagators in concrete models of new physics:

Z 7z z' 7z’
Quusy = QQY + =g e :
€ilg e

sin? Oy cos? Oy s — MZ +il'z Mz sin? Oy cos2 Oy s — M2, + il 7/ Mz

Always with |,j being the helicities of the initial state electron e and the final state fermion f
EF03 Meetingf
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* There is a strong motivation to measure electroweak heavy quark couplings at the ILC

* New physics models predict deviations and b and ¢ quarks are at the cross roads between
'top-philic' and 'non-top-philic' models

* Remember also LEP anomaly on A‘}B

* |ILC with GigaZ is a unique opportunity for a complete set of measurements and an unambiguous
interpretation of the results

- Relevant observables at GigaZ are A, (see above) and

N r, (99 +(gh)?

q

T Niada  Thaa Y2 1(gF)2 + (gF)2?]

R

« Here [, is constrained by the fact that all hadrons are produced from the known quark species
l.e. Rb+RC+RudS = 1 and has therefore no error, but the g are correlated to fulfill this constraint

 The measured /', , which is sensitive to the experimental Z mass resolution has to be considered
as a consistency check EF03 Meetingf

41



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41

